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(57) ABSTRACT 

An apparatus and method are disclosed for measuring or 
analyzing dynamic and static sag caused by settling of 
Weighting materials in drilling ?uids or other solids bearing 
?uid. The apparatus comprises a tube and shear shaft assem 
bly that alloWs for a controlled rate of shear to be applied to 
a sample of the ?uid for testing. During a test, the assembly 
is placed on a pivotal holder at an angle. The assembly has 
pistons at the pivot center of the assembly Which accom 
modate expansion and contraction of the test ?uid due to 
changes in temperature and pressure, thereby alloWing the 
test ?uid to be heated, cooled and pressurized to simulate 
subterranean Wellbore conditions Without changing the cen 
ter of mass of the test ?uid. When Weight material settles 
doWn the inclined assembly, the center of mass of the 
assembly changes resulting in changing torque or moment 
about the pivotal holder. The resultant moment is measured 
by energizing external coils arranged to provide a uniform 
magnetic ?eld. The bulk average settling rate is determined 
using the measured coil current rate of change. 

20 Claims, 7 Drawing Sheets 
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APPARATUS AND METHOD FOR 
ANALYZING WELL FLUID SAG 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to apparatuses and methods 
for monitoring, measuring, or analyzing the sag of a Weight 
material in a drilling ?uid. 

2. Description of Relevant Art 
A drilling ?uid, or “mud” Which a drilling ?uid is also 

often called, is a specially designed ?uid that is circulated in 
a Wellbore or borehole as the Wellbore is being drilled in a 
subterranean formation to facilitate the drilling operation. 
The various functions of a drilling ?uid include removing 
drill cuttings from the Wellbore, cooling and lubricating the 
drill bit, aiding in support of the drill pipe and drill bit, and 
providing a hydrostatic head to maintain the integrity of the 
Wellbore Walls and prevent Well bloWouts. Speci?c drilling 
?uid systems are selected to optimiZe a drilling operation in 
accordance With the characteristics of a particular geological 
formation. 

A drilling ?uid typically comprises Water and/or oil or 
synthetic oil or other synthetic material or synthetic ?uid as 
a base ?uid, With solids in suspension. A non-aqueous based 
drilling ?uid typically contains oil or synthetic ?uid as a 
continuous phase and may also contain Water dispersed in 
the continuous phase by emulsi?cation so that there is no 
distinct layer of Water in the ?uid. Such dispersed Water in 
oil is generally referred to as an invert emulsion or Water 
in-oil emulsion. 

A number of additives may be included in such drilling 
?uids and invert emulsions to enhance certain properties of 
the ?uid. Such additives may include, for example, 
emulsi?ers, Weighting agents, ?uid-loss additives or ?uid 
loss control agents, viscosi?ers or viscosity control agents, 
and alkali. Weighting agents are commonly added to 
increase the density of the ?uid. Barite is a typical Weighting 
agent, although other minerals are also common. 

Suspensions of solids in non-vertical columns are knoWn 
to settle faster than suspensions in vertical ones, due to the 
“Boycott effect.” This effect is driven by gravity and 
impeded by ?uid rheology, particularly non-NeWtonian and 
time dependent rheology. Manifestation of the Boycott 
effect in a drilling ?uid is knoWn as “sag.” Sag may also be 
described as a “signi?cant” variation in mud density (>0.5 
lbm/gal) along the mud column, Which is the result of 
settling of the Weighting agent or Weight material and other 
solids in the drilling ?uid. 

Drilling ?uid in deviated Wellbores can exhibit the Boy 
cott effect, and sag, in both static and dynamic situations. In 
this context, static is a totally quiescent ?uid state, such as 
When drilling has ceased; dynamic is any situation Where the 
?uid is exposed to a shear stress, such as for example during 
drilling. Sag can result in formation of a bed of the Weighting 
agent on the loW side of the Wellbore, and stuck pipe, among 
other things. In some cases, sag can be very problematic to 
the drilling operation and in extreme cases may cause hole 
abandonment. 

US. Pat. No. 5,086,646, issued Feb. 11, 1992 to Jamison 
et al., teaches an apparatus and method for analyZing Well 
?uid sag, particularly static sag. Dynamic sag, hoWever, can 
be more than an order of magnitude greater than static sag. 
As directional drilling and deviated Wellbores become more 
common if not the norm in the oil and gas industry, more and 
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2 
improved apparatuses and methods are needed to measure or 
analyZe dynamic sag. 

SUMMARY OF THE INVENTION 

An apparatus and method are provided for measuring or 
analyZing dynamic sag as Well as static sag in a drilling ?uid 
or other solids bearing ?uid. The apparatus of the invention 
comprises a tube or other elongated container and a 
rotatable, concentric inner cylinder or shear shaft. The tube 
and shear shaft are assembled together such that the annulus 
region betWeen them is capable of holding ?uid, especially 
?uid to be tested. Said shear shaft is preferably free to rotate, 
and its rate of rotation is preferably controllable. A rotator or 
other means is provided for rotating the shaft. For example, 
rotation of the shaft might be provided by coupling a motor 
or motor drive mechanism to an end of the tube and shear 
shaft assembly. Preferably, the motor should be engageable 
and disengageable from the shaft so that the motor drive 
mechanism can be disengaged from the assembly during the 
measurement process to preferably avoid any interference 
With the measurement. 

The apparatus of the invention further comprises a holder 
or housing, such as a pressure vessel, for holding the 
assembly comprising the tube and the shear shaft such that 
the axis of the tube and shear shaft is positioned at an angle 
to vertical, such as about 45 degrees, for example. 
Preferably, said holder may also be ?lled With ?uid, such as 
a pressuriZation ?uid, in a manner that immerses or covers 
the tube and shear shaft assembly. Preferably, such holder 
?uid can be heated and pressuriZed to simulate conditions in 
a Wellbore penetrating a subterranean formation. At least one 
seal or other isolator isolates or otherWise keeps separate or 
apart the test ?uid and the pressuriZation ?uid. Such seal is 
preferably positioned on at least one end of the tube, and in 
one embodiment may preferably be positioned on the same 
end of the tube (or tube and shear shaft assembly) as a 
coupler for attaching a motor drive mechanism to the shear 
shaft (or to the tube and shear shaft assembly). The top or 
higher end of the tube and shear shaft assembly, Which is 
preferably the opposite end (rather than the same end) from 
any motor drive mechanism, contains one or more magnets, 
preferably rare-earth permanent magnets. 

Further, the apparatus of the invention comprises a sup 
port for the tube and shear shaft assembly preferably posi 
tioned at or near the center of the assembly. The support 
should alloW rotation, preferably frictionless rotation, about 
the horiZontal axis normal to the tube and shear shaft 
assembly axis. The support should also be comprised of (or 
be associated With) an electrically conductive medium. A 
preferred example of a particularly suitable support com 
prises tWo cross-spring pivots. 
At least one and preferably tWo pistons may be included 

in the apparatus on the same axis as the pivots or other 
support. The pistons accommodate expansion and contrac 
tion of the test ?uid due to changes in temperature and 
pressure, thereby alloWing the test ?uid to be heated, cooled 
and pressuriZed Without changing the center of mass of the 
test ?uid relative to the pivot axis due to thermal expansion 
or ?uid compressibility. 

EnergiZing external coils, preferably in a HelmholtZ coil 
con?guration, are arranged external to the holder or pressure 
vessel, at the magnet end of the tube and shear shaft 
assembly to provide a magnetic ?eld, preferably a uniform 
magnetic ?eld. Coil control circuitry is associated With the 
energiZing coils to enable detection and measurement of 
change in torque or moment about the pivot axis of the 



US 6,584,833 B1 
3 

assembly. Any detector capable of detecting and measuring 
change in torque or moment about a central axis or pivot 
point could be substituted for the coils and coil circuitry, 
provided the detector is sufficiently sensitive to detect sag. 

In the method of the invention, the apparatus of the 
invention or another apparatus capable of conducting the 
steps of the method is used for measuring or analyZing the 
dynamic and/or static sag of a ?uid such as a drilling ?uid 
or other ?uid used in drilling, cementing, casing, or Work 
over operations in a subterranean Wellbore. As used herein, 
the term “drilling ?uid” shall be understood to include ?uids 
used in any of these doWnhole operations. In the method, 
When measuring or analyZing dynamic sag, shear is applied 
to a test sample of the ?uid at a controlled rate and the rate 
of sag or settling by the Weighting agent (or other material) 
in the ?uid is measured. When measuring or analyZing static 
sag, shear is not applied to the test sample of the ?uid—the 
shear shaft is not rotated—and the rate of sag or settling by 
the Weighting agent (or other material) in the ?uid is 
measured. 

During either a dynamic or static test, the ?uid is in an 
inclined tube assembly. Settling of the Weighting agent or 
material causes the center of mass to change, Which in turn 
causes a change in the torque or moment about the pivots or 
other holders for the tube and shear shaft assembly. The 
resultant moment is preferably measured by energiZing 
external coils such that the upper end of the tube (Which 
comprises a permanent magnet) and shear shaft assembly is 
driven back to its initial Zero position. This Zero position is 
initially detected by closing a circuit attached to a stationary 
contact and to the tube and shear shaft assembly (preferably 
at the upper end). The coil control circuitry is a self 
integrating error accumulator that automatically drives the 
coil current. As the coil is precisely energiZed, it provides a 
force on the permanent magnet, Which repositions the tube 
and shear shaft assembly at Zero position. When compen 
sated for the minor effects of temperature and other effects, 
the coil current is proportional to the imbalance of the tube 
and shear shaft assembly. The greater the imbalance, the 
greater the coil current, indicating the greater the amount of 
sag in the ?uid. Measurement of the sag may then be 
calculated as a function of the current over time. 

BRIEF DESCRIPTION OF THE FIGURES 

FIG. 1 is a schematic draWing of a preferred apparatus of 
the invention. 

FIG. 2(a) is a side vieW of the tube and shear shaft 
assembly portion of a preferred apparatus of the invention. 

FIG. 2(b) is a top vieW of the tube and shear shaft 
assembly shoWn in FIG. 2(a). 

FIG. 3 is a side vieW of a preferred apparatus of the 
invention shoWing the tube and shear shaft assembly (also 
shoWn in FIGS. 2(a) and positioned in a holder. 

FIG. 4 is a graph shoWing typical sag data taken With an 
apparatus of the invention, shoWing the settling rate of 
Barite in a drilling ?uid as a function of shear rate. 

FIG. 5 is an example control schematic for a circuit of a 
preferred apparatus of the invention effecting a self 
integrating error accumulator to automatically drive the coil 
current for detecting and measuring sag. 

FIG. 6 is a block diagram of the current path used in 
detecting and measuring sag With a preferred apparatus of 
the invention shoWn in FIGS. 3 and 7. 

FIG. 7 is a side vieW of the top end of a preferred 
apparatus of the invention, in cross section, shoWing the 
permanent magnets, coils and the Zero position contacts. 
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4 
DETAILED DESCRIPTION OF PREFERRED 

EMBODIMENTS 

The present invention provides a method for measuring or 
analyZing the rate of sag or settling of a Weighting agent or 
material in a drilling ?uid or other solids bearing ?uid. The 
present invention also provides an apparatus particularly 
suited for carrying out the method of the invention. An 
advantage of the present invention is that it can be used to 
measure dynamic sag as Well as static sag. The invention is 
useful not only in determining drilling ?uid properties and in 
designing, developing and/or selecting a drilling ?uid, but 
also in gaining insight into the mechanism of sag for use in 
future drilling modeling softWare. 
The present invention provides the bene?cial capability of 

applying uniform shear to a test ?uid (i.e., a sample of ?uid 
containing Weighting material for sag testing) at a controlled 
rate. Such a controlled rate approximates the shear a ?uid is 
likely to encounter in a drilling operation, and simulates the 
shear the drilling ?uid encounters in the Well bore annulus, 
Where the drill cuttings are transported to the surface. Thus, 
the invention affords closer approximation to the shear 
forces that a ?uid is expected to actually encounter in a Well 
than prior art devices. Such approximation is made more 
realistic by putting the apparatus under pressure and tem 
peratures expected to be encountered in a Wellbore penetrat 
ing a subterranean formation. Moreover, the capability of 
applying shear to a test ?uid enables the measurement or 
analysis of dynamic sag as Well as static sag. 

FIGS. 1, 2a, 2b, 3, and 7 illustrate an exemplary embodi 
ment of an apparatus according to the present invention. 
Referring to these ?gures, and particularly to FIGS. 2(a) and 
(b), the illustrated apparatus has a tube 10 With a concentric 
inner cylinder or shear shaft 18 positioned in the tube in a 
manner that alloWs the shaft 18 to rotate freely. The shear 
shaft 18 is centered and supported by a co-axial drive shaft 
6 on one end, and a positioning shaft 16 on the other, and 
their corresponding bearings 2, in end caps 13 and 17. The 
embodiment shoWn has multi-piece closures 70, 71, made 
up of pieces 13, 15, 14 and 12, 15, 17 respectively at each 
end of the assembly 30. Piece 15 comprises a locking 
function. The apparatus could alternatively have a single 
piece closure at each end, preferably that includes a locking 
function. 
The shear shaft 18 and the tube 10 together comprise an 

assembly 30. A rotator or other means or mechanism for 

rotating the shaft, such as a motor (not shoWn) is coupled to 
(or otherWise attached or associated With) the shaft 18 by 
means of drive shaft 6 to rotate the shaft 18. Preferably, such 
rotator can be easily adjusted to rotate the shaft 18 at 
different rotary speeds as desired and can also be easily 
removed, disengaged or otherWise turned off as desired. In 
the preferred embodiment, referring to FIG. 3, the rotator is 
a magnetic rotor 48, driven by means of a rotating magnetic 
?eld external to the pressure vessel 35. The speci?c speeds 
are preferably betWeen about 1 and about 100 rpm. The 
magnetic rotor is coaxial With the assembly 30, and sup 
ported by bearings inside of the end 141 of pressure vessel 
35. The magnetic rotor is preferably disengaged from the 
shaft 18 during measurements for sag to avoid interference 
of the rotor With the measurements. The measurements are 
then taken While dynamic sag conditions are still present. 
The magnetic rotor may be re-engaged for further applica 
tion of shear rate to the ?uid, and then disengaged for 
measurements, With this process being continually repeated, 
preferably for the entire test. 

The assembly 30 has an annular holloW space 32 as shoWn 
in FIGS. 1, and 2(a) and (b) betWeen the shaft 18 and the 
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interior Wall of the tube 10 for containing ?uid to be tested 
in the apparatus. Closures 70 and 71 as shoWn in FIGS. 2(a) 
and (b) prevent the test ?uid from leaking from the assembly 
30. On at least one end of the assembly 30 and preferably on 
both ends, the closures are removable for ?ling the assembly 
30 or at least the space 32 With test ?uid. The closures 70 and 
71 may also preferably have seals 20, 21, 24, 25, and 26 to 
further prevent leakage and to provide a tight ?t and closure 
to the assembly 30. 
As shoWn in FIG. 3, the assembly 30 is housed in an outer 

pressure vessel 35 Which may be ?lled With a pressuriZation 
?uid to immerse the sealed assembly 30. The pressuriZation 
?uid is pressuriZed by means of an external pump and supply 
(not shoWn), to maintain the desired test pressure. Referring 
to FIGS. 2(a) and (b), seal 20 in the end cap 14 should 
prevent mixing of the pressuriZation ?uid With the test ?uid, 
past the drive shaft 6. TWo cross-spring pivots 1 located 
inside said pressure vessel 35 provide support for the 
assembly 30 at or near the assembly’s center. These pivots 
1 alloW the assembly 30 to be tilted through a small angle 
(less than or equal to about 10 degrees), Within the outer 
pressure vessel 35. In the preferred embodiment, the pivots 
1 should be comprised of an electrically conductive medium 
or should otherWise be made electrically conductive. 
As shoWn in FIG. 2(b), tWo ?oating pistons 9 are posi 

tioned on the same axis as the pivots 1 by housing 11. 
Housing 11 is fastened to tube 10 by a leak-proof means, 
preferably soldered. The pistons 9 are sealed by sliding seals 
23. One side of each piston 9 is in free communication With 
the test ?uid in the annular holloW space 32 by means of a 
port through the Wall of the tube 10. The other side of each 
piston 9 is in free communication With the pressuriZation 
?uid immersing the assembly 30. These pistons 9 are free to 
move so that the pressure of the test ?uid in the gap 32 is 
essentially the same as the pressure of the pressuriZation 
?uid surrounding the assembly 30. The axial motion of the 
pistons 9, and the test ?uid that the pistons 9 retain, do not 
change the balance of the assembly 30 because such axial 
motion remains at the pivot center of the assembly 30. This 
piston motion compensates for the volume changes of the 
test ?uid as the test ?uid is heated, cooled and pressuriZed, 
Without changing the center of mass of the test ?uid relative 
to the pivot axis due to thermal expansion or ?uid com 
pressibility. 

End cap 17 contains at least one permanent rare earth 
magnet 3, as shoWn in FIGS. 2(b) and 7. Referring further 
to FIG. 7, external coils 42 are arranged in a HelmholtZ coil 
con?guration to provide a uniform magnetic ?eld about the 
permanent magnet 3. This ?eld acts on the rare-earth per 
manent magnet 3 in endcap 17. When the end of the contact 
Wire 44, attached to end cap 17, contacts a stationary 
insulated contact 50 in the end of pressure vessel 35, a circuit 
is closed that detects the “Zero” position for pivoting tube 
assembly 30. The contact Wire 44 is preferably made of a 
corrosion resistant conductive material, such as the metal 
tungsten. The stationary contact 50 is also preferably made 
of, or coated With, a corrosion resistant conductive material, 
such as gold. The stationary contact 50 passes through an 
electrically insulated pressure seal 51 in the end of the 
pressure vessel 35. An electrically insulated Wire 52 conveys 
the contact Zero position current to the control circuitry. 

In operation, i.e., When a test is underWay, the coil control 
circuitry, diagramed for example in FIG. 5, is a self 
integrating error accumulator that automatically drives the 
coil current. The coil control circuitry 68 is made up of an 
enable/hold circuit 82, multiplying integrator circuit 81, 
integration rate adjustment circuit 83, integration direction 
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6 
circuit 84 and coil driver circuit 80. The coil driver circuit 
connects to coils 42. The primary input is the state of the 
sWitch made up of contact Wire 44 and stationary contact 50. 
The primary outputs of the coil control circuitry 68 are a 
current of the right magnitude and polarity to position the 
tube assembly at the Zero position, and a voltage that is 
proportional to the coil current. The current path is dia 
gramed for example in ?oW chart form in FIG. 6. Referring 
to FIGS. 6 and 7, as the coil is precisely energiZed, it 
provides a force on the permanent magnet 3, Which reposi 
tions the assembly 30 to Zero position, approximately 
co-axial With the outer pressure vessel 35. In the Zero 
position, the assembly 30 does not touch the Walls of the 
outer pressure vessel 35. The coils 42 Will be energiZed so 
that the moving contact Wire 44 is kept just barely in contact 
With the stationary contact 50 of the pressure vessel 35 to 
maintain the Zero position. Electrical feed-through 51 and 
Wire 52 convey the current of the circuit to control circuitry 
68. The Zero position feedback circuit is completed from the 
control circuitry 68 through electrically conductive pivot 1, 
and through the electrically conductive tube assembly 30, to 
contact Wire 44. 

In alternative embodiments of the apparatus of the 
invention, in lieu of the preferred electrical contacts, any 
other sensor method that accurately detects the position of 
assembly 30 could be used in the control of the coils 42 to 
maintain the Zero position. 

Referring further to FIG. 6, digital computer 54 controls 
most of the functions of the apparatus of the invention 
during a test. It sends the appropriate commands to tem 
perature controller 56, pressure controller 55, and servo 
motor controller 57. The pressure controller controls the 
action of pump 61 to maintain the test pressure. The servo 
motor controller 57 controls the speed of servomotor 58. The 
rotation of servomotor 58 is transmitted by means of belt 65 
to pulley 64 to rotate magnet drive housing 63. The magnet 
drive housing 63 is supported on the outside of the pressure 
vessel (not shoWn in FIG. 6) by means of ball bearings 62. 
The magnet drive housing 63 holds permanent magnets 66, 
Which couple magnetically to the magnetic rotor 48, inside 
the pressure vessel. The disengageable coupling 67 connects 
the magnetic rotor 48 to tube assembly 30. PoWer supply 59 
provides electrical poWer for the coil control circuitry 68. A 
voltage proportional to the coil 42 current is sent from the 
coil control circuitry 68 to an analog-to-digital converter 60, 
and then to the digital computer 54. 
When all coil current measurements are made When the 

rotator (or rotational drive) for the shear shaft 18 is mechani 
cally disengaged, and assembly 30 is in the Zero position, the 
force required to ?ex the cross-spring pivots 1 and to 
maintain the slight electrical contact is constant and can thus 
be disregarded. The combination of the ?exural pivot and 
the coil re-positioning technique is sometimes called a force 
re-balance system. 
The bulk average settling rate for the test ?uid is related 

to the rate of change of the measured coil current (at Zero 
position). In the preferred embodiment of the present 
invention, the current to the coils 42 is measured and 
recorded at regular intervals by a computer controlled sys 
tem. The same system preferably controls the pressure, 
temperature, and the shear rate for the test. 

The resulting body of data, as a function of time, can be 
analyZed in several different Ways, as Would be knoWn to 
those skilled in the art. One example is to express the data 
as the distance that the center of gravity shifts, knoWing only 
the density of the sample ?uid and the volume. Other 
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methods are possible. Generally, it is often desirable to relate 
in some Way a parameter of the ?uid test sample indicative 
of sag of the sample over time. FIG. 4 shoWs a plot of test 
results With a preferred apparatus of the invention. The plot 
provides dynamic sag data shoWing the rate of settling by 
Barite in a sample drilling ?uid as a function of shear rate 
applied to the sample. 

In the method of the invention, an apparatus of the 
invention or an apparatus With similar capabilities or fea 
tures is used to measure or analyZe dynamic sag and/or static 
sag of a ?uid such as a drilling ?uid or mud containing 
Weighting materials and/or other solid particles. In the 
method, a sample of the ?uid to be tested is placed in a 
testing apparatus With a central pivot point resting in an 
inclined position. The ?uid is preferably placed under pres 
sure and at a temperature simulating the environment in 
Which the ?uid Will be used, such as subterranean Wellbore 
conditions. Such pressuriZation and temperature should not 
noticeably affect the center of mass of the ?uid in the 
apparatus relative to its pivot axis. If dynamic sag is to be 
tested, the ?uid is subjected to shear, preferably at a con 
trolled rate during the test. If static sag is to be tested, the 
?uid is alloWed to sit Without disturbance during the test. In 
either type test, settling of solid particles in the test ?uid— 
the sag phenomenon—causes the center of mass of the ?uid 
in the testing apparatus to change, Which in turn causes a 
change in the torque or moment about the central pivot point 
of the apparatus. The resultant moment is measured over 
time and correlated to the amount of sag experienced With 
the ?uid. A preferred method of measuring the resultant 
moment is With energiZing external coils and a self 
integrating error accumulator that drives current, particu 
larly or preferably in conjunction With or as part of a force 
re-balance system. 

The foregoing description of the invention is intended to 
be a description of preferred embodiments. Various changes 
in the detail of the described apparatus and method can be 
made Without departing from the intended scope of this 
invention as de?ned by the appended claims. 
We claim: 
1. An apparatus for measuring or analyZing sag in a 

drilling ?uid, or other solids bearing ?uid, said apparatus 
comprising: 

an assembly comprising an elongate container and a 
rotatable, concentric inner cylinder, separated by an 
annulus for containing said ?uid; 

a rotator for rotating said shaft; 
a horiZontal pivoting support for said assembly, near its 

geometric center, forming a central pivot axis; 
a housing for said assembly and said pivoting support for 

immersing said assembly in pressuriZation ?uid and for 
holding said container in an inclined position; 

at least one piston in communication With said test ?uid 
and said pressuriZation ?uid along said central pivot 
axis; 

at least one seal for keeping said test ?uid and said 
pressuriZation ?uid separate; 

a detector for detecting or measuring change in torque or 
moment about said central pivot axis at a constant angle 
of incline. 

2. The apparatus of claim 1 Wherein said elongate con 
tainer is a tube and said cylinder is a shear shaft and Wherein 
said assembly has at least one removable end closure. 

3. The apparatus of claim 1 Wherein said pressuriZation 
?uid may be heated above room temperature or chilled 
beloW room temperature. 
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4. The apparatus of claim 1 Wherein said rotator is a 

magnetic rotor driven by a rotating magnetic ?eld. 
5. The apparatus of claim 4 Wherein said rotator is capable 

of controllably rotating said shaft such that said shaft 
imparts a controlled rate of shear to said test ?uid. 

6. The apparatus of claim 1 Wherein said detector com 
prises a pair of contacts to sense a reference position and 
energiZed external coils acting on a movable magnetic. 

7. The apparatus of claim 6 Wherein said detector further 
comprises coil control circuitry; 

said elongate container has at least one magnet in one end 
and said pivot is comprised of or associated With a 
conductive material. 

8. An apparatus for measuring or analyZing dynamic sag 
in a drilling ?uid, or other solids bearing ?uid, said apparatus 
comprising a tube With a rotatable, concentric inner shear 
shaft separated from said tube by an annulus for containing 
test ?uid, Wherein said tube is housed in a pressuriZable 
vessel and positioned on an incline With a central pivotal 

axis; 
said apparatus further comprising at least one magnet at 

one end of said tube, Which is positioned in proximity 
to energiZing external coils such that a magnetic ?eld is 
generated, and having coil control circuitry associated 
thereWith for detecting change in the moment about 
said pivotal axis, said apparatus having further associ 
ated thereWith a rotator for rotating said shaft and 
imparting a controlled rate of shear to said test ?uid. 

9. The apparatus of claim 8 further comprising tempera 
ture controls for said pressuriZation vessel for heating or 
chilling said test ?uid. 

10. The apparatus of claim 8 Wherein said magnetic ?eld 
is uniform. 

11. A method for measuring or analyZing dynamic sag in 
a ?uid, said method comprising: 

providing a sample of said ?uid in an elongated container 
inclined on a central pivotal axis; 

pressuriZing said container and heating or chilling said 
container to simulate ?uid environmental conditions; 

accommodating expansion and contraction effects of said 
pressure and temperature on said ?uid in said container 
so that the center of mass of the ?uid relative to said 
central pivotal axis is not changed due to said effects; 

imparting a controlled rate of shear to said ?uid; 
monitoring the torque or moment about said central 

pivotal axis; 
detecting and measuring any change in said torque or 
moment over time; and 

relating said measurements to sag in the ?uid. 
12. The method of claim 11 Wherein said ?uid is a drilling 

?uid comprising Weighting materials and said environment 
is a Wellbore penetrating a subterranean formation. 

13. Amethod for measuring or analyZing sag in a drilling 
?uid, said method comprising: 

providing a sample of said ?uid in a elongated container 
With an inner, rotatable shear shaft and an annulus 
region in betWeen for containing said ?uid sample; 

coupling or engaging a rotator to said shaft for control 
lably rotating said shaft; 

immersing said container in temperature controlled pres 
suriZation ?uid; 

inclining said continuously immersed container on a 
central pivotal axis With adjacent pistons to accommo 
date test ?uid expansion and contraction due to any 
temperature adjustments and pressuriZation; 
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rotating said shaft and imparting a controlled rate of shear 
to said ?uid; 

detecting and measuring any change in moment about 
said pivotal aXis over time; 

relating said measurements to quantify sag in said ?uid. 
14. The method of claim 13 Wherein a force re-balance 

system is used to detect and measure said change in moment. 
15. The method of claim 13 Wherein said temperature 

controlled pressurization ?uid simulates subterranean for 
mation temperature and pressure. 

16. A method for analyZing the dynamic sag phenomenon 
in a drilling ?uid, or other solids bearing ?uid, in a subter 
ranean borehole, said method comprising: 

placing a sample of said ?uid in an apparatus positioned 
on an incline With a pivotal support located at a central 
aXis of said apparatus about Which the apparatus can 
rotate or pivot; Wherein the apparatus is associated With 
control circuitry and a self-integrating error accumula 
tor that drives current such that the current adjusts to 
prevent said rotation about said pivot; 
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applying pressure and adjusting temperature to approxi 

mate the pressure and temperature the ?uid Would 
encounter in said borehole; 

applying a controlled shear rate to said sample in said 
apparatus; 

monitoring and measuring the current at said pivot aXis 
over time; and 

relating change in current to sag in said sample ?uid. 
17. The method of claim 16 Wherein said pivotal support 

is comprised of an electrically conductive material. 
18. The method of claim 16 further comprising accom 

modating expansion and contraction of said sample ?uid due 
to said pressure and temperature Without changing the center 
of mass of the sample ?uid relative to said pivot aXis. 

19. The method of claim 16 Wherein said shear rate is 
applied by rotation of a shaft in said apparatus in contact 
With said ?uid sample. 

20. The method of claim 19 Wherein said rotation is 
caused by a magnetic rotor. 

* * * * * 


